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Abstract — The purpose of this study was to design and evaluate 
the performance of four novel inorganic scintillating detectors 
(ISDs) on the Small Animal Radiation Research Platform 
(SARRP). Relative scintillator output, measurement repeatability, 
setup uncertainty, linearity with dose rate, and signal 
reproducibility over time were investigated. The Gd2O2S:Tb 
detector had the highest relative signal output, generating up to 
219 times more charge than a previously characterized BCF-60-
based plastic scintillating detector (PSD). The Gd2O2S:Tb detector 
was then used to measure 220 kVp therapy beam profiles of 10 x 
10 and 5 x 5 mm2 fields. Beam profiles using the ZnS-based 
phosphor were also obtained and compared to investigate the 
performance of a lower density inorganic scintillator. 10 x 10 and 
5 x 5 mm2 therapy beam profile measurements made with the 
Gd2O2S:Tb and BCF-60 detectors differed, on average, by 1.1% 
and 1.9%, respectively. The ZnS:Ag measurements differed, on 
average, by 2.5% and 6% relative to BCF-60 measurements of the 
10 x 10 and 5 x 5 mm2 beam profiles, respectively. MicroCT 
imaging of the detector volumes was also performed, revealing 
poor packing of the ZnS:Ag crystalline phosphor in the deepest 
region of the cylindrical cavity. The Gd2O2S:Tb detector, in 
particular, has proven to be a promising candidate for real-time 
dosimetry of small fields in small animal irradiators, primarily 
because of the very large signal intensities observed, along with 
good repeatability, dose rate linearity, reproducibility and 
agreement with beam profile measurements made with a 
previously validated detector. 
 
Index Terms — dosimetry, optical fibers, radiation detectors, 
scintillators. 
I. INTRODUCTION 
XPERIMENTS in preclinical trials are essential to both the 
study of radiobiology and the advancement of clinical 
radiation oncology. Animal models have been used for 
decades to provide scientists and clinicians an insight into 
disease processes and to assist in the development of new 
strategies to prevent, cure and mitigate cancer and radiation 
effects. Mouse models are often utilized because of their cost 
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effectiveness and versatility when studying tumor and normal 
tissue radiobiology and, therefore, preclinical trials involving 
mice are now a standard component of oncology research. The 
use of animal models not only reduces the exposure of humans 
to harmful substances and treatments, but has also proven vital 
to our understanding of the molecular and physiological 
mechanisms of radiation response [1]. 
Imaging and irradiation technologies have significantly 
advanced in preclinical contexts to allow for highly conformal 
image-guided irradiations of small animals in an effort to mimic 
human treatment capabilities, albeit with some biological and 
physical limitations [1]. To support the delivery of increasingly 
sophisticated radiotherapy techniques, small animal irradiators 
have been designed to reproduce these techniques for 
preclinical studies and better facilitate translational research 
[2], [3]. These irradiators generally operate at kilovoltage 
energies and employ small field sizes (≤1 x 1 cm2), making high 
spatial-resolution dosimetry vital in ensuring high accuracy and 
precision for treatment verification and quality assurance [4]. 
On-board imaging systems provide improved targeting and 
precise positioning, but also require adapted quality control, 
beam dosimetric characterization and treatment monitoring [5]. 
This advanced pre-clinical technology requires accurate and 
precise real-time dosimeters [6]. 
However, these needs are not sufficiently met by the 
common dosimetry technologies of today. Ionization chambers, 
for example, are well adapted for reference beam dosimetry in 
large fields, but their large active volumes create spatial 
resolution problems when used in small beams [4]. Films offer 
high spatial resolution but cannot provide dose measurement in 
real time. Thermoluminescent dosimeters (TLDs) suffer from 
both the inability to provide direct read-outs and from 
deficiencies with regards to spatial resolution. Although silicon 
diodes (SiD) and metal-oxide semiconductor field-effect 
transistors (MOSFETs) can both provide measurements in real-
time and provide high spatial resolution capabilities, they both 
suffer from energy and orientation-based dependencies. SiDs 
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also cause a high level of dose perturbation in radiation beams 
and MOSFET-based detectors suffer a brief radiation-lifetime 
of around 200 Gy. Electronic Portal Imaging Devices (EPIDs), 
while otherwise desirable, exhibit persistent signal after 
irradiation cessation, known as “ghosting”, and are extremely 
sensitive to lower energy photons of their own construction [7]. 
Optical fiber dosimeters (OFDs), by contrast with the 
aforementioned detectors, provide real-time measurements and 
can be designed with small sensitive volumes, making them a 
promising technology for use in small-field dosimetry 
applications [6]. The drawbacks of OFDs surround unwanted 
optical signal generation within the signal-carrying optical fiber 
(OF), known as stem effects [8]. Stem effects consist mostly of 
Cerenkov radiation [9] which, in the case of polymethyl 
methacrylate (PMMA), is a phenomena that occurs at energies 
higher than approximately 178 keV [10], and optical fiber 
fluorescence. OFDs are typically created using plastic (organic) 
scintillating detectors (PSDs) due to their water-equivalence, 
energy independence and short response time, but suffer from 
low light output (especially at low energies). Inorganic 
scintillator materials, although known to suffer from energy-
dependencies and poor tissue-matching qualities, have superior 
light output, making them an attractive option for the dosimetry 
of small fields at kV energies. Inorganic scintillators also have 
superior radiation hardness compared to plastic scintillating 
materials and their compositions span over a wide range of 
atomic numbers, thus scintillating over a wide range of 
wavelengths, which makes them compatible with a wider range 
of apparatus [11]. 
 
OFDs using inorganic scintillating detectors (ISDs) have 
recently begun to be utilized across a range of medical imaging 
and radiotherapy dosimetry applications [12]–[14]. Our work 
investigates novel ISD designs fabricated using a phosphor-
filled micromachined cavity in the PMMA optical fiber core. 
Four different inorganic scintillating phosphors were evaluated 
to explore further the potential applications of ISDs in small 
animal radiation dosimetry. 
As the dosimeter design incorporates a PMMA optical fiber, 
it was necessary to consider the stem effect contributions to the 
fiber output signal. Many attempts have been made to quantify 
or discriminate such signals in optical fiber dosimeters for both 
kV and MV beam energies [8], [15]–[17]. Le Deroff et al.[17] 
irradiated 194 cm of PMMA optical fiber lacking an active 
scintillating volume with beam energies set at 225, 100 and 40 
kVp while applying maximum tube currents to maximize the 
stem effect signal (13, 30 and 45 mA for 225, 100 and 40 kVp, 
respectively). The negligible signal generated in this 
experiment was indicative of the inability of beam energies 
≤225 kV to produce secondary electrons capable of causing 
detectable Cerenkov effects within the optical fiber. The stem 
effect is, therefore, exclusively composed of optical fiber 
fluorescence and typically contributes to less 0.1% of the signal, 
which requires no correction [6].  
In this study, we present the initial evaluation of four novel 
scintillating detector designs using various inorganic 
scintillating phosphors for the 40 and 80 kVp imaging beams 
and 220 kVp therapy beam of the Small Animal Radiation 
Research Platform (SARRP) [2].  
II. DETECTOR DESIGN  
A representative design (which was adapted from a previous 
design by Alharbi et al. [18]) schematic for the OFDs is 
illustrated in Figure 1. Each ISD consisted of a 1 mm diameter, 
1 m long cladded PMMA optical fiber made light-tight by a 0.6 
mm thick protective polyethylene jacket, and a SubMiniature 
version A (SMA) connection at one end. The sensing end was 
micro-machined to make a 700 μm diameter, 3 mm long cavity. 
The design diameter was influenced by the need for increased 
spatial resolution, whereas the length dimension was chosen as 
a precaution considering the possible difficulties that might be 
encountered when filling a 700 μm diameter cavity with the 
crystal phosphors. In anticipation of possible ‘dead-space’ in 
the PMMA cavity reducing the overall signal output of the 
ISDs, a 3 mm length was chosen to increase the haptic sensation 
of successful cavity-filling and to guarantee that a comparable 
amount of phosphor would be present within each detector 
cavity. Each cavity was packed with a different inorganic 
scintillating phosphor powder (Gd2O2S:Tb, Gd2O2S:Eu, 
Gd2O2S:Pr, ZnS:Ag)(Phosphor Technology Ltd., Stevenage, 
UK) and sealed with an opaque epoxy. Black insulating tape 
was also used to provide additional optical shielding around the 
active volume. The SMA connection was used to attach each 
detector to a further 20 m optical fiber cable. 
To provide a comparison for the performance of the ISDs in 
terms of light output and beam profile measurements, a PSD 
which consisted of a polystyrene scintillating fiber (BCF-60, 
Saint-Gobain Crystals, Nemours, France) with a 1 mm 
diameter, 1 mm long active volume [6] was included in the 
study. The active volume was protected by a 0.015 mm thick 
PMMA cladding. This was optically coupled to a 1 mm 
diameter, 15 m long cladded PMMA optical fiber, also made 
light-tight by a 0.6 mm thick black polyethylene jacket.  
The 20 m OF extension the and 15 m OF used for the 
inorganic and plastic scintillating detectors, respectively, were 
terminated by connection through an adapter to an H10721 
photomultiplier tube (Hamamatsu Photonics, Hamamatsu, 
Japan). The photomultiplier tube was connected to a UNIDOS 
E electrometer (PTW, Freiburg, Germany) outputting nC-
sensitive charge readings in real time. The measured charge was 
used as a surrogate for the light generated within the scintillator. 
Key characteristics for each scintillator used are summarized in 
Tables 1a and 1b. 
 
Fig. 1. Schematic representation of the optical fiber detector designs, where 
(a) depicts the ISD design (adapted from M. Alharbi et al. [18]) with the 
phosphor packed cavity shown in blue, and (b) depicts the PSD design with the 
optically coupled BCF-60 active volume in red. 
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A SUMMARY OF THE CHARACTERISTICS OF EACH INORGANIC 









All irradiations were carried out on the SARRP (Xstrahl Inc., 
Suwanee, GA, USA) located at the University of Victoria, BC, 
Canada. The SARRP 220 kVp (therapy), 40, and 80 kVp 
(imaging) beam energies were utilized with focal spot sizes of 
3.0 and 0.4 mm (IEC366) for the therapy and imaging beams, 
respectively. The SARRP has 0.8mmm Be internal filtration 
with an external filtration of 0.15mmm Cu for the 220 kVp 
therapy beam and a 1 mm Al external filtration for the imaging 
beams [6]. The PMT was held at a potential difference of +700 
mV and irradiations occurred at a source-to-detector distance 
(SDD) of 33 cm unless otherwise stated. A schematic of the 
setup is seen in Figure 2.  
The arrangement of the detectors on the 5 mm thick 
polystyrene bed is shown in Figure 3, where the beam direction  
(𝑧) is orthogonal to the plane (𝑥, 𝑦) of the removeable SARRP 
bench shown. The positions of the detector arrangement were 
fixed to the irradiation stage of the SARRP for the entire study. 
The positioning of the detectors within the irradiation fields 
were then controlled solely by the SARRP positioning software, 
which is known to have a positional uncertainty of just ±0.20 
mm. 
Dark current values (expressed in nC.s-1) were determined 
for all measurement series of each sensor every time the 
apparatus was adjusted by calculating the average of three 
electrometer readings taken without exposing the connected 
detector. These dark current values were then multiplied by the 
total “electrometer on” time and subtracted from the total 
charge reading on the electrometer for each measurement. Due 
to the difficulty of the SARRP to ramp-up to 220 kVp and fall 
to 0.1 mA at the beginning of irradiations, electrometer 
measurements were initiated some time (dt1) prior to “beam on” 
and terminated some time following “beam off” (dt2). A brief 
series of measurements with varying pre- and post- beam-on 
times (dt1 and dt2) resulted in no measurable effect on the net 
charge measured. This concept is shown graphically in Figure 
4. The depiction of signal in red represents the signal that would 
have been lost while waiting for the SARRP output to stabilize 
before beginning charge measurement 5 s after the initial beam 




Fig. 2. Schematic representation of the experimental setup. The four blue 





Fig. 3. Photograph taken during the laser alignment process for the inorganic 
scintillators on the polystyrene detector bed affixed to the removable treatment 
bench. From left to right: Gd2O2S:Tb, Gd2O2S:Eu, Gd2O2S:Pr and ZnS:Ag. The 






Fig. 4. Graphical representation of the signal of interest in blue and the dark 
current in green to be subtracted from the electrometer reading. The figure also 
shows an exemplar ‘overshoot’ of radiation dose which is possible during 
irradiation at 0.1 mAs. 
A. Output Intensity, Repeatability and Linearity 















Gd2O2S:Tb 7.3 ~ 60 10.0 
545  
(green) 
~ 3 × 105 ~ 60 000 
Gd2O2S:Eu 7.3 ~ 60 9.0 
610  
(red) 
~ 5 × 106  ~ 60 000 
Gd2O2S:Pr 7.3 ~ 60 8.1 
513 
(green) 
~ 5 × 103 ~ 50 000 
ZnS:Ag 4.1 ~ 27 10.7 
460 
(blue) 













BCF-60 1.05 ~ 5.7 
530 
(green) 
~ 7 ~ 7 100 
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signal was made. 60 s irradiations, centered in a 10 x 10 mm2 
square field using pilot profile measurements, were made for 
40, 80 and 220 kVp beams at 8.0, 1.4 and 0.2 mA, respectively. 
The repeatability of ISD readings was investigated by 
measuring six successive 30 s irradiations in an open field using 
40 kVp and 80 kVp photon beams at 1.4 mAs, with no elapsed 
time or alteration of the experimental setup between 
measurements. The linearity of the output signal with dose rate 
for each ISD was tested by increasing the tube current setting 
for 30 s irradiations in an open field from 0.2 mA to 1.4 mA in 
increments of 0.2 mA. 
B. Signal Reproducibility 
The reproducibility of the signal on a day-to-day basis was 
investigated by measuring the variability of the output signal of 
ten 60 s open-field irradiations using 40 kV (at 1.4 mA) and 220 
kV (at 0.1 mA), which spanned over one week. Each data point 
has been normalized by dividing by the mean value for each 
scintillator. Setup uncertainty was estimated by obtaining the 
standard deviation from readings taken with a single gadox-
based sensor (Gd2O2S:Pr) after repeatedly removing and 
replacing the irradiation stage (with the detector bed still firmly 
affixed) and disconnecting and reconnecting all of the optical 
couplings and connections, as would normally occur between 
measurement sessions. This setup uncertainty value is 
accounted for in the reproducibility measurements by reporting 
only variations of the detector signals greater than the setup 
uncertainty. The reproducibility measurements were made 
within a monitored and climate controlled small animal 
laboratory (T = 22.7 ± 0.9 °C, ρ = 101 325 ± 3.4 Pa, RH = 41.5 
± 8.2%). However, the measurements were not corrected for 
temperature, pressure or humidity to include any output 
volatility in response to changing environmental factors.  
C.  Profiles 
Therapy beam profiles for the 220 kVp beam were acquired 
in-air using 10 x 10 mm2 and 5 x 5 mm2 square fields at an SDD 
of 35 cm using the Gd2O2S:Tb and ZnS:Ag ISDs. For each 
detector, an estimation of the stage coordinates required to 
position the detector at the same point of entry in the beam 
penumbra was made by making pilot measurements at the field 
edge. Once this first point was estimated, profile measurements 
were made along the direction of the SARRP x-axis in steps of 
0.25 mm (0.5 mm in areas of constant slope) under the 
assumption that each detector was initially located at the same 
off-axis distance. A 30 s irradiation time was used for each 
measurement point. The relative signal intensities for each ISD 
profile were then measured and compared to the same 
measurements made with the BCF-60 PSD, which was 
previously characterized using the 220 kVp therapy and 40, 50, 
60, 70, and 80 kVp imaging beams on the SARRP [6]. 
D. CT Imaging 
Cone beam microCT images were taken of the four ISD 
sensing tips and reconstructed to produce 3D representations 
of the high-density active volume. The images were taken on a 
vivaCT 40 (Scanco Medical, Bruttisellen, Switzerland) with a 
70 kVp beam at 114 μA. 
IV. RESULTS 
A. Relative Scintillator Output 
The relative signal output generated by each detector for each 
beam parameter set, reported as multiples of the PSD signal, 
can be found in Table 2. The output of each ISD has been 
normalized to account for their 47% larger active volumes. 
Relative to the BCF-60 output, each of the gadox-based 
scintillators’ sensitivities increased with increasing energy, 
whereas the ZnS:Ag detector was least sensitive at the highest 
energy. Overall the Gd2O2S:Tb scintillator had the highest 
relative output at all energies, with up to 219 times the signal 
generated by the BCF-60 detector. 
 
TABLE 2 
COMPARISON OF THE SIGNAL INTENSITIES GENERATED BY EACH 
SCINTILLATING PHOSPHOR IN MULTIPLES OF THE LOWEST INTENSITY SIGNAL 




Table 3 shows the mean absolute percentage deviation 
(𝑀𝐴𝑃𝐷) and standard deviation values for the signal intensity 
measurements of six consecutive irradiations using the 40 and 
80 kVp beams. The Gd2O2S:Tb and Gd2O2S:Pr ISDs 
demonstrated excellent repeatability, with 𝑀𝐴𝑃𝐷 values 
<0.15% at both energies. 
 
TABLE 3 
STANDARD DEVIATION AND MEAN ABSOLUTE PERCENTAGE DEVIATIONS 





The response of each detector was found to be independent of 
dose rate at 40 kV and 80 kV when varying the beam current 
from 0.2 to 1.4 mA (Figure 5 a-d). With the PMT voltage set to 
+700 mV, we observed that the Gd2O2S:Tb detector caused the 
electrometer to saturate at 0.2 mA for the 220 kV beam. 
Therefore, there was no range over which to investigate 
linearity with dose rate at 220 kV without altering the 
experimental setup. 
 
Phosphor 40 kVp 80 kVp 220 kVp 
Gd2O2S:Tb 116 205 219 
Gd2O2S:Eu 20 37 40 
Gd2O2S:Pr 76 134 140 
ZnS:Ag 27 29 11 
BCF-60 1 1 1 
 1 
Phosphor 
40 kVp 80 kVp 
𝑴𝑨𝑷𝑫 𝝈 𝑴𝑨𝑷𝑫 𝝈 
Gd2O2S:Tb 0.13% 0.49% 0.11% 2.64% 
Gd2O2S:Eu 0.65% 0.38% 0.42% 1.84% 
Gd2O2S:Pr 0.14% 0.49% 0.08% 1.56% 
ZnS:Ag 0.79% 0.70% 0.19% 0.74% 
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Fig. 5. (a)-(d) Linearity of the output signal of each ISD with increasing dose 








Figure 6 illustrates the variability of measurements made 
with the Gd2O2S:Pr detector following repeated experimental 
setup disassembly and re-assembly. The Gd2O2S:Pr scintillator 
was chosen as it had the lowest combined mean percentage 
difference for measurement repeatability (see Section 3.B.). 
The setup uncertainty measurements varied about the mean 
with a standard deviation of 1.8%. Figure 7 illustrates the 
detector signal reproducibility measurements made at 40 kVp 
and 220 kVp, which have been normalized using the respective 
mean values at each energy for each scintillator over the entire 
measurement period. The plots shown in Figure 7 (and their 
accompanying standard deviations in Table 4) have been 
corrected for the setup uncertainty by including only deviations 
greater than 1.8% (see Figure 6). All of the gadox-based ISD 
signals were found to be more reproducible than the BCF-60 
PSD at both energies. The ZnS:Ag ISD, conversely, displayed 
the most fluctuation in signal intensity at both energies. It is 
noted that the BCF-60 results appear to stabilize around 
halfway through the measurement period. It is also noted that 
the 220 kVp measurements were less reproducible than the 40 
kVp measurements. 
E. Profiles 
Normalized scintillator profile measurements are illustrated 
in Figure 8 (a) and (b). The beam profile measurements of each 
chosen ISD (Gd2O2S:Tb and ZnS:Ag) were compared directly 
to the values of the beam profiles measured using the BCF-60 
detector. For the Gd2O2S:Tb detector, the 𝑀𝐴𝑃𝐷 of the relative 
intensity values were 1.1% and 1.9% for the 10 x 10 and 5 x 5 
mm2 profiles, respectively. Similarly, the 𝑀𝐴𝑃𝐷 for the 
ZnS:Ag and BCF-60 detector profiles were 2.5% and 6.0%, 
respectively. The full width at half maximum (FWHM) values 
for profiles measured with each ISD were also calculated and 
compared to the BCF-60 profile. The FWHM of the 10 x 10 and 
5 x 5 mm2 profiles measured with the Gd2O2S:Tb detector 
differed by 0.3% and <0.1%, respectively, relative to the BCF-
60 detector profiles. The corresponding FWHM values for the 
ZnS:Ag detector, differed by 2.0% and 0.3%, respectively, in 






Fig. 6. Variability of the Gd2O2S:Pr detector output signal for seven 
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F. CT Images 
Figure 9 illustrates 3-D reconstructions of CT images taken 
of the sensing tips of each of the ISDs. The images reveal 
successful packing of the three gadox-based fibers. However, 
imaging of the ZnS:Ag phosphor reveals a filling 




Fig. 7. Reproducibility of the signal over a period from day 1 to 8 for 
measurements made at 40 kVp imaging and 220 kVp therapy beam energies.. 
Each detectors signal is normalized to its own mean at that energy. 
 
TABLE 4 
STANDARD DEVIATION OF THE NORMALIZED REPRODUCIBILITY 











Fig. 8. (a) and (b) Lateral dose profiles obtained using the BCF-60, 







Fig. 9. 3D volume rendering based on microCT images of the four ISDs 
sensing tips revealing uniform packing of the dense crystal phosphor in all but 











Phosphor 40 kVp 220 kVp 
Gd2O2S:Tb 0.8% 1.9% 
Gd2O2S:Eu 1.4% 1.8% 
Gd2O2S:Pr 3.4% 4.4% 
ZnS:Ag 7.7% 10.9% 
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It is well understood that the scintillation signals carried from 
each of the five different materials are attenuated to varying 
extents due to wavelength-dependent attenuation in the PMMA 
OF. As the composition of all of the OFs used in this study are 
the same, the only inter-detector variants affecting signal 
attenuation are the fiber length and subsequent number of 
optical couplings. Each ISD has been fabricated into a 1 m 
length of PMMA OF, which is in turn optically coupled to a 
further 20 m of the same to carry signal to the PMT. As the 
BCF-60-based fiber was fabricated directly into a 15 m length 
OF, there is 6 m less PMMA optical fiber and one less optical 
coupling through which the PSD signal is attenuated. Despite 
this, the ISDs had much greater signal intensities overall. The 
Gd2O2S:Tb detector had the highest signal output of all of the 
detectors investigated, generating up to 116 and 219 times more 
charge than the BCF-60 detector for the lowest energy imaging 
beam (40 kVp) and the therapy beam (220 kVp), respectively. 
One could adapt future designs to ensure all OFS had identical 
OF lengths.  
The ZnS:Ag detector performed well in terms of 
measurement repeatability and linearity with dose rate but had 
a much lower signal output in comparison to the gadox-based 
scintillators. Although there is reduced perturbation of the 
particle fluence in the ZnS detector due to its lower density and 
lower (𝑍𝑒𝑓𝑓) [8], it produced significantly lower signal gains 
(see Figure 5) due to secondary inner-filter effects [23], [24] i.e. 
its opacity to its own light emission [25], and less reproducible 
signals overall (see Figure 7). Whether in response to changes 
in the measurement environment – perhaps with some function 
of the poor packing of the active volume – or due to intrinsic 
fluctuations in the scintillation efficiency of the phosphor, it 
was also clear that the ZnS:Ag scintillator suffered the greatest 
variability in output over time (See Figure 7). These inner-filter 
effects could potentially be reduced by altering the active 
volume dimensions of the ZnS:Ag detector to a much shorter 
length, such as the [Y1.9O3; Eu0.1, Li0.16]  sensor pellet-based 
ISD fabricated by Belley et al. to perform real-time dosimetry 
in small animal radiation therapy [26]. 
It was noted that the signals measured across all detectors 
were less reproducible at the therapy beam energy (220 kVp) 
than the imaging energy (40 kVp) which was investigated (see 
Table 3). We attribute this to the observed difficulty of the 
SARRP to reduce the tube current to 0.1 mA during the ramp-
up to 220 kVp before irradiation (as mentioned in Section 2.C.). 
This effect is further increased by the approximately linear 
relationship between energy fluence and tube potential squared 
[27].  
MicroCT imaging revealed the, generally successful, 
packing of the crystal phosphor into the 700 μm diameter 
cavities of the ISDs, with just one omission. A region of dead-
space is clearly visible in the deepest region of the 3 mm long 
cavity of the ZnS:Ag detector. This packing anomaly, along 
with a potentially larger error in x-axis positioning within the 
SARRP (as seen in Figure 8 (a) and (b)), may explain the 
comparatively poor performance of the ZnS:Ag fiber during 
beam profile measurements (2.5% and 6.0% 𝑀𝐴𝑃𝐷 for the 10 
x 10 and 5 x 5 mm2 profiles, respectively). 
The scintillation output of inorganic scintillators is known to 
have dependencies on energy and temperature. The quantum 
(detection) efficiency of the photodetector is wavelength 
dependent. Similarly, signal attenuation in the signal-carrying 
OF is wavelength and also length dependent. Although 
controlled in this study, varying environmental factors, which 
have not been corrected for here, will also have an effect on 
signal intensities measured with such a system. It was not 
within the scope of this study to carry out a complete 
characterization of the detectors. There are several variables 
and dependencies which would be important to control or study 
in detail. A full analysis of all sources of uncertainty is required 
in further investigations to comprehensively characterize these 
ISD designs for accurate dose measurements during in vivo 
dosimetry.   
VI. CONCLUSION 
The performance of four novel scintillator detector designs 
each with a 700 μm diameter, 3 mm long cavity, packed with 
different inorganic crystal scintillating phosphors (Gd2O2S:Tb, 
Gd2O2S:Eu, Gd2O2S:Pr and ZnS:Ag) has been evaluated for the 
therapy and imaging beams of the SARRP. The performance of 
the gadox-based detectors has proven promising, with good 
scintillator powder packing, measurement repeatability, 
linearity with dose rate, and reproducibility over time. The 
Gd2O2S:Tb detector, in particular, is a strong candidate for real-
time dosimetry of small fields in small animal irradiators 
primarily because of the very large signal intensities observed. 
The ZnS:Ag detector, which was included to provide a lower 
density and, therefore, less perturbing option for the detector 
design, demonstrated a limited ability to measure the profiles of 
small radiation fields, which may be accounted for by poor 
packing of the phosphor cavity and an error in the positioning 
of the detector during irradiations. The ZnS-based detector also 
performed poorly in comparison to the gadox-based alternatives 
by way of its reduced signal intensities, which were attributed 
to unsuitable active volume dimensions, and lowest signal 
reproducibility over time. The results of this study provide a 
proof-of-concept for inorganic crystal phosphor-based 
scintillating detectors to improve the signal generation and real-
time measurement capabilities suitable for dosimetric quality 
assurance or dose-verification purposes in preclinical trials 
utilizing the kilovoltage energy beams of small animal 
irradiators. 
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